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A B S T R A C T   
The current research article aims to study the radiation shielding competence of a newly developed PbO-B2O3- 
SeO2-Er2O3:Au2O3 glass ceramic. The concentrations of the constituent oxides were 40, 10, 49.5, and 0.5 mol % 
for PbO, B2O3, SeO2, and Er2O3, respectively. The studied ceramic specimens were denoted by EA0, EA25, EA50, 
EA75 and EA100, and their density values were 5.87, 5.92, 5.94, 6.09, and 6.10 g/cm3, respectively. The ra-
diation shielding competence and photon buildup factors of the present ceramics were investigated under the 
Au2O3/SeO2 substitution with ratio up to 0.1 mol %. The obtained results reveal that the MAC values were 
reported with 0.233 cm2/g difference between the minimum and the maximum Au2O3 reinforced samples. The 
highest MAC values were reported for EA100 sample, which has the highest Au2O3 additive in its chemical 
structure. At 4 MeV photon energy, HVL values were reported as 3.2658 cm, 3.2352 cm, 3.2212 cm, 3.139 cm 
and 3.1309 cm for EA0, EA25, EA50, EA75 and EA100, respectively. Moreover, the highest values of EBF were 
observed for the EA100, and the lowest values of EBF were observed for EA0. Therefore, it can be concluded that 
the present ceramics possess high level shielding competence to use for various applications of gamma radiation.   
Introduction 
The use of ionizing radiation has been increased in the recent year in 
fields of medical industries. Exposure to ionizing radiation increases 
cancer risk, and radiation safety should be applied in all settings. ALARA 
principle, As Low As Reasonably Achievable, aims for radiation pro-
tection and implies increasing distance from radiation sources, reduc-
tion of exposure time and use of shielding [1]. Shielding is a common 
method to reduce radiation to us as it is not appropriate sometimes to 
reduce exposure time distance [2]. Concrete is a traditional method that 
used for radiation shielding. It is inexpensive It can be designed in many 
shapes and sizes. Nevertheless, it has many advantages, including 
thickness, opaqueness, occurrence of cracks due to exposure to high 
radiation and reduction in density and mechanical strength over time 
[3]. Lead glass provides an excellent option for radiation protection as it 
is not expensive and easy to fabricate. Nonetheless, it is not clearly 
transparent, has low strength and toxicity issues [4]. Therefore, many 
studies explored adding other heavy metals to improve properties of 
lead glasses [5–9]. Gold is a very rare heavy metal with high ductility 
and flexibility. It has high thermal and electrical conductivities. Gold is 
the most resistant metal to oxidation, but gold oxide (Au2O3) can be 
synthesized [10].Ag2O in synthesized 40TeO2-(60-y)V2O5-yAg2O influ-
ence on the linear and nonlinear optical whaich revealed that the linear 
optical refractive index varied between 2.47 and 2.66 [11]. The glass 
sample (with no Ag2O) has the lowest μ/ρ and can shield 50.3% of the 
photons at an energy of 0.284 MeV, while the glass sample has the 
* Corresponding authors at: Physics Department, Faculty of Science, University of Tabuk, Tabuk 71451, Saudi Arabia (Shams A.M. Issa). Department of Physics, 
University Putra Malaysia, 43400, Serdang, Selangor, Malaysia. (M.H.M. Zaid). 
E-mail addresses: shams_issa@yahoo.com (S.A.M. Issa), mhmzaid@upm.edu.my (M.H.M. Zaid).  
Contents lists available at ScienceDirect 
Results in Physics 
journal homepage: www.elsevier.com/locate/rinp 
https://doi.org/10.1016/j.rinp.2021.104099 
Received 12 February 2021; Received in revised form 11 March 2021; Accepted 14 March 2021   
Results in Physics 24 (2021) 104099
2
highest μ/ρ and can shield 78.5% of a beam of photons with the same 
energy. Greater Ag2O content in the glasses, the lower TF, the more 
influential the radiation shield, and the possibility of being applied in 
several optical applications [12]. Use of gold in radiation protection 
might have a significant role as employing gold in radiotherapy showed 
that it decreases radiation dose to nearby [13]. Using the natural quartz 
of amethyst, chalcedony, crystal rock, milky, pink, flint, and jasper 
quartz in radiation protection might have a significant role as used in 
reactor building materials. These shielding features compared with 
those of the Portland concrete widely used as radiation shielding. In the 
low energy region where the photoelectric absorption is dominant, the 
mass interaction coefficients and the total linear attenuation coefficients 
have three resonances due to the Si, Ca, and Fe concentration; these 
resonances are also noticed in the effective atomic number. For photons 
below 60 keV, quartz’s attenuation performance can be utilized for 
shielding of X-ray devices working with less than 60 kV, as reported in 
Marquez-Mata et al., 2021 [14]. On the other hand, Kavaz et al., 2020 
[15] reported that barite and zirconolite increased the photon shielding 
potential of the glass-ceramics. Moreover, the insertion of SO3 did not 
improve the neutron attenuation of the glass-ceramics. It can be inferred 
that barite and zirconolite additions to glass-ceramics improved the 
investigated samples’ ability not only to shield from photons but also to 
neutrons and heavy charged particles [15]. This finding encourages the 
application of Au in the field of radiation protection. Therefore, it is 
important to assess feasibility of adding gold to shielding materials by 
evaluating the overall gamma ray attenuation properties. In this study, a 
group of PbO-B2O3-SeO2-Er2O3:Au2O3 glass ceramics[16] was evaluated 
in terms of their gamma-ray shielding attenuation competencies. The 
investigated radiation attenuation parameters can be ordered as Linear 
attenuation coefficients (µ(E)), Mass attenuation coefficients (µm(E)), 
Effective electron density (Neff (E)), Half value layer (HVL (E)), tenth 
value layer (TVL(E)) Exposure buildup factor (EBF (E)), and Energy 
absorption buildup factor (EABF (E)), as well as mean free path (mfp 
(E)), and Effective atomic number (Zeff (E)). Moreover, effective atomic 
weight for absorption (Aeff (E)). against Photon energy (E) were also 
investigated. The outcomes from current investigation would be useful 
in understanding the direct impact of Au2O3 on gamma ray shielding 
competencies of studied glass structure. 
Materials and methods 
In this study, a group of glass-ceramics based on PbO-B2O3-SeO2- 
Er2O3:Au2O3 system, which has been published by Siva Sesha Reddy 
[16] was evaluated in terms of their shielding competencies. Py-MLBUF 
software [17] and MCNPX [18]general-purpose Monte Carlo code. 
Investigated glass samples and their codes can be listed as below;  
i) EA0: 40PbO-10B2O3-49.5SeO2-0.5Er2O3  
ii) EA25: 40PbO-10B2O3-49.25SeO2-0.5Er2O3:0.025Au2O3  
iii) EA50: 40PbO-10B2O3-49.0SeO2-0.5Er2O3:0.050Au2O3  
iv) EA75: 40PbO-10B2O3-48.75SeO2-0.5Er2O3:0.075Au2O3  
v) EA100: 40PbO-10B2O3-48.50SeO2-0.5Er2O3:0.1Au2O3 
Shielding properties of studied glass samples 
It is well-known that if an attenuator specimen as shield located 
between the detector and the source, intensity of incident gamma-ray 
reduces exponentially due to Beer-Lambert law [19,20]: 
I = Ioe− μx (1) 
Io is the intensity of primary gamma, while I is the intensity of 
transmitted gamma through the glass. Besides, μ indicates the linear 
attenuation coefficient of the energy of interest. The term of × is the 
thickness of attenuator sample. In the case of a compound, the µm of 
glasses are estimated [21]: 
Table 1 
Chemical compositions and densities for glass samples.  
Code B O Se Er Au Pb Density (g/cm3) 
EA0 0,010805 0,175907 0,390723 0,008359 0 0,414206 5,87 
EA25 0,010773 0,175389 0,387607 0,008335 0,004907 0,412988 5,92 
EA50 0,010742 0,174875 0,384509 0,00831 0,009786 0,411778 5,94 
EA75 0,01071 0,174364 0,381429 0,008286 0,014636 0,410574 6,09 
EA100 0,010679 0,173856 0,378367 0,008262 0,019458 0,409378 6,1  
Fig. 1. MCNPX simulation setup for gamma-ray transmission studies (a) 2-D view with dimensions. (b) 3-D view of setup obtained from MCNPX Visual Editor.  
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wi(MAC)i (2)  
where wi is the weight fraction of the ith constitute elements. 
The effective atomic number and effective electron density, 
depending on the total molecular cross-section (σt), total atomic cross- 
section (σa) and total electronic cross-section (σe), was used to mea-


























Mass attenuation coefficients (MAC) of studied glass samples obtained from MCNPX code and Py-MLBUF program.   
EA0 EA25 EA50 EA75 EA100 
Energy (MeV) Py-MLBUF MCNPX Py-MLBUF MCNPX Py-MLBUF MCNPX Py-MLBUF MCNPX Py-MLBUF MCNPX 
0,015 87,8410 88,3254 88,1770 88,9251 88,5240 89,1254 88,8550 89,0125 89,2000 89,3254 
0,02 55,1910 55,2652 55,3180 55,3225 55,4510 55,4624 55,5760 55,6124 55,7000 55,7425 
0,0263 26,7670 26,9452 26,8310 26,9625 26,8980 26,9712 26,9610 26,9826 27,0000 26,9956 
0,03 19,0120 19,1298 19,0590 19,1312 19,1080 19,1426 19,1540 19,1564 19,2000 19,2598 
0,04 8,8720 8,9004 8,8951 8,9120 8,9190 8,9199 8,9417 8,9526 8,9600 8,9724 
0,05 4,9189 4,9265 4,9323 4,9314 4,9461 4,9482 4,9592 4,9595 4,9700 4,9863 
0,0595 3,2067 3,2109 3,2143 3,2154 3,2233 3,2258 3,2318 3,2326 3,2400 3,2486 
0,06 3,1436 3,1442 3,1510 3,1512 3,1598 3,1601 3,1682 3,1698 3,1800 3,1824 
0,08 1,5134 1,5142 1,5171 1,5184 1,5214 1,5219 1,5255 1,5264 1,5300 1,5358 
0,1 2,6029 2,6124 2,6192 2,6214 2,6357 2,6362 2,6518 2,6524 2,6700 2,6824 
0,15 0,9763 0,9801 0,9819 0,9821 0,9877 0,9881 0,9933 0,9951 0,9990 1,0091 
0,2 0,5101 0,5126 0,5127 0,5131 0,5154 0,5162 0,5180 0,5192 0,5210 0,5216 
0,3 0,2339 0,2342 0,2348 0,2350 0,2357 0,2360 0,2366 0,2371 0,2380 0,2385 
0,4 0,1517 0,1519 0,1522 0,1523 0,1526 0,1529 0,1530 0,1541 0,1530 0,1543 
0,5 0,1158 0,1161 0,1161 0,1162 0,1163 0,1165 0,1166 0,1174 0,1170 0,1178 
0,6 0,0962 0,0973 0,0964 0,0978 0,0966 0,0969 0,0967 0,0971 0,0969 0,0973 
0,662 0,0879 0,0881 0,0880 0,0882 0,0882 0,0885 0,0883 0,0886 0,0884 0,0888 
0,8 0,0752 0,0763 0,0753 0,0765 0,0754 0,0767 0,0754 0,0769 0,0755 0,0771 
1 0,0637 0,0642 0,0638 0,0644 0,0638 0,0645 0,0639 0,0648 0,0639 0,0649 
1,173 0,0572 0,0578 0,0572 0,0579 0,0573 0,0581 0,0573 0,0584 0,0573 0,0586 
1,333 0,0528 0,0534 0,0528 0,0536 0,0529 0,0538 0,0529 0,0542 0,0529 0,0545 
1,5 0,0495 0,0498 0,0495 0,0499 0,0495 0,0506 0,0496 0,0518 0,0496 0,0520 
2 0,0434 0,0436 0,0434 0,0438 0,0434 0,0439 0,0435 0,0443 0,0435 0,0445 
2,506 0,0401 0,0412 0,0401 0,0414 0,0401 0,0415 0,0401 0,0417 0,0402 0,0419 
3 0,0381 0,0385 0,0382 0,0386 0,0382 0,0388 0,0382 0,0395 0,0382 0,0398 
4 0,0362 0,0365 0,0362 0,0367 0,0362 0,0369 0,0363 0,0372 0,0363 0,0375 
5 0,0355 0,0358 0,0355 0,0359 0,0356 0,0361 0,0356 0,0365 0,0356 0,0366 
6 0,0354 0,0356 0,0354 0,0358 0,0355 0,0359 0,0355 0,0362 0,0356 0,0363 
8 0,0361 0,0363 0,0362 0,0365 0,0362 0,0367 0,0363 0,0369 0,0363 0,0370 
10 0,0373 0,0375 0,0374 0,0377 0,0374 0,0378 0,0375 0,0381 0,0376 0,0385 
15 0,0406 0,0412 0,0407 0,0413 0,0408 0,0415 0,0408 0,0417 0,0409 0,0419  







































Fig. 2. Variation of mass attenuation coefficients against Photon energy (E) for 
all glasses. 
































Fig. 3. Variation of half value layer (HVL) against Photon energy for all glasses.  
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The terms of ni, Ai, Zi, fi and NA are the number of atoms, atomic 
weight, atomic number, fractional abundance of ith element and Avo-
gadro number. The shielding thickness that decreases by 1/2 the in-
tensity of incident radiation is called the half-value layer (HVL), that is 





An absorption of 0.368 of the incident gamma radiation was 





Where LAC is the liner attenuation coefficient. The exposure buildup 
factor and energy absorption buildup factor terms are also key param-
eters for seeing overall contributions to the attenuation of gamma rays in 
material. Geometry-Progressive (G-P) approach was used to evaluate 
exposure buildup factor and energy absorption buildup factor, in the 
analysis. The details of aforementioned method can be found in litera-
ture elsewhere [26–29]. 
Simulation studies using MCNPX general purpose Monte Carlo code (v. 
2.7.0) 
Different versions of MCNP code have been widely used to estimate 
the photon transmission through several shielding materials[30–33]. 
MCNPX general-purpose Monte Carlo code was implemented for 
gamma-ray transmission simulations of different glassy systems. Previ-
ously, version 2.7.0 of MCNPX code was used for investigation of 
different types of shielding materials [26–29]. Accordingly, mass 
attenuation coefficients μm(E) of PbO-B2O3-SeO2-Er2O3:Au2O3 glass 
system were determined at 0.015–15 MeV photon energy range. The 
essential parts of INPUT file such as cell cards and surface cards were 
prepared using elemental mass fractions (%wt.) and material densities 
[see Table 1] as well as geometrical locations of equipment in simulation 
environment. Next, μm(E) values obtained from Py-MLBUF [17] and 
MCNPX [18] were compared. It’s worth mentioning that obtained re-
sults were reported with well accordance. Somehow, minor numerical 
differences were observed between Py-MLBUF and the Monte Carlo 
code. The small “minor” deviations in mass attenuation coefficient 
































Fig. 4. Variation of tenth value layer (TVL) against Photon energy for 
all glasses. 
























Fig. 5. Variation of men free path (λ) against Photon energy for all glasses.  





































Fig. 6. Variation of effective atomic number (Zeff) against Photon energy for 
all glasses. 





























Fig. 7. Variation of effective electron number (Neff) against Photon energy for 
all glasses. 
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quantities deduced by computational and theoretical methods could 
commonly take place due to slight variations in considered mathemat-
ical and physical models, geometry and ambiguities in the atomic data 
for each method. whereas Py-MLBUF is a mechanism that utilizes 
mathematical improvement for direct determination of µm(E). For the 
MCNPX, there is no direct method to obtain µm(E) values. It requires 
some sub-steps such as exporting of attenuated gamma-ray flux quantity 
from detector and accordingly utilization of Beer-Lambert Law (see 
equation (1)). In the MCNPX input file, the glass samples were defined in 
terms of their elemental mass fractions (weight per unit length), and 
dimensions (cm). The gamma-ray emitting systems’ total geometry can 
be seen in Fig. 1. In Fig. 1 is shown the Monte Carlo model including the 
radiation source, the cell defining the detector, and the shielding ma-
terial. A hollow-detection cell was defined by using F4 tally mesh. This 
type of tally mesh provides an average photon flux in a point or cell. 
Therefore, total photon flux in hollow-detection cell was measured. The 
simulation phase was repeated from 0.015 to 15 MeV for each glass 
sample, respectively. In addition, some of the variance reduction 
methods were used. For example, to optimize productivity by simula-
tion, neutron and electron tracking were switched off, and only photon 
tracking was enabled in cell description. Finally, attenuated photon flux 
has been counted in F4 Tally Mesh detection field to count the number of 
photons entering the detector per MeVcm2s− 1. The test of the recent 
MCNPX simulation has been implemented by using the 
D00205ALLCP03 MCNPXDATA package is included of DLC-200/ 
MCNPDATA cross-section libraries. The number of histories (NPS vari-
able) used in the MCNPX simulation was set as 108. It’s worth 
mentioning that energy cutoff was set for 0.001 MeV, which means that 
photons below 0.001 MeV has not been considered in terms of tracking 
(Table 2). 
Results and discussions 
In this study, five different glasses encoded EA0, EA25, EA50, EA75 
and EA100 based PbO-B2O3-SeO2-Er2O3:Au2O3 system were investi-
gated in terms of their attenuation properties against ionizing gamma- 
rays. The densities of the glasses were reported as 5.87 g/cm3, 5.92 g/ 
cm3, 5.94 g/cm3, 6.09 g/cm3, 6.10 g/cm3 for EA0, EA25, EA50, EA75 
and EA100, respectively. Firstly, mass attenuation coefficients of studied 
glasses were determined in a wide range photon energy (i.e. 0.015 MeV- 
15 MeV). For any material the total mass interaction coefficient defines 
the shielding features independent of the degree of agglomeration of the 
matter. Fig. 2 shows the variation of µm versus photon capacity (E). By 
observing the gamma-ray radiation and chemical composition of the 
glasses, one can infer how different the variations of µm(E) values have 
been. It shows systematic differences among the studied glasses across 
three distinct regions such as low, middle and high energy regions. In the 
low-energy region, where photoelectric (PE) is the dominant mecha-
nism, a steep drop was observed. Compton Scattering shows major 
changes in terms of µm(E). It was an obvious interference from the Fig. 2 
that µm(E) values decreased with increasing photon energy. This can be 
explained by dependence of µ in the Beer-Lambert law (see Equation 
(1)). However, slight differences between the studied glasses in three 
basic energy region were also reported. The increasing Au2O3 additive 
increased the µm(E) values systematically. This situation can be 
explained more comprehensively by looking at the low energy regions of 
Fig. 2. The µm(E) values are decreased almost linearly between 0.022 
and 0.024 MeV. However, the highest µm(E) values were reported for 
EA100 sample, which has the highest Au2O3 additive in its chemical 
structure. For example, µm(E) values were reported as 26.7670 cm2/g, 
26.8310 cm2/g, 26.8980 cm2/g, 26.9610 cm2/g, 27.0000 cm2/g at 
0.026 MeV for EA0, EA25, EA50, EA75 and EA100, respectively. The 
µm(E) values were reported with 0.233 cm2/g difference between the 
minimum and the maximum Au2O3 reinforced samples. Similarly, this 
situation was also reported in high energy zone. The µm(E) values were 
reported in similar upward trend from EA0 to EA100. The reported MAC 
are ordered as 0.0361, 0.0362, 0.036, 0.0363, 0.0363 at 8 MeV for EA0, 
EA25, EA50, EA75 and EA100, respectively. The similar results were 
reported in literature [34–40], where the reinforcement with higher 
atomic numbers has increased the µm(E) values against incident pho-
tons. The shielding material’s gamma attenuation is significant, along 
with its HVL(E) transmission factor [41]. The findings of the investiga-
tion of the glass pieces are shown in Fig. 3. It is well-known that lower 
HVL(E) values are the pattern of superior shielding properties among the 
investigated shielding materials. This can be explained by the nature of 
HVL(E), which has an inverse relationship with linear attenuation co-
efficient (µ) [42–44]. Therefore, once can say that samples with higher µ 
values shall provide lower HVL(E) values. Fig. 3 depicts the variation of 
half value layer HVL(E) against photon energy for all glasses. Among the 
investigated glasses, EA100 sample was reported with its lowest HVL(E) 
values at all individual photon energies. This situation can be explained 
in parallel of µm(E) values, where the EA100 sample showed superior 
behaviors. At 4 MeV photon energy, HVL (E) values were reported as 
3.2658 cm, 3.2352 cm, 3.2212 cm, 3.139 cm and 3.1309 cm for EA0, 
EA25, EA50, EA75 and EA100, respectively. If we consider it from 
another perspective, the difference of HVL(E) values was reported as 
0.1043 cm at 4 MeV. One can say that EA100 sample requires 0.1043 cm 
less material thickness at 4 MeV to reduce the intensity of incident 
photons to its half. Similarly, HVL(E) values of studied glasses can be 
listed as 2.9102 cm, 2.8795 cm, 2.8634 cm, 2.787 cm, 2.7765 at 15 MeV 


































Fig. 8. Variation of effective atomic weight for absorption against Photon energy for all glasses.  
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                                    (b)
Fig. 9. (a-e) Variation of exposure buildup factor (EBF) against Photon energy for all glasses.  
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photon energy, which is the maximum photon energy of the current 
investigation. The quantitative difference between the first and last 
sample (i.e. EA0 and EA100) is 0.1317 cm. Therefore, a remarkable 
inference can be highlighted by attenuation superiority of EA100 sample 
is relatively higher at higher energies. Another shielding feature for 
materials can be explained by tenth value layer, which is the required 
thickness to reduce primary gamma ray intensity to its one tenth. Similar 
to HVL thickness, TVL is also a useful tool for overall evaluation of 
shields in terms of required fabrication sizes in specific energies. Fig. 4 
shows the variation of tenth value layer TVL(E) against photon energy 
for all glasses. The changing trend in HVL(E) was also reported for TVL 
(E) values at 0.015 MeV-15 MeV photon energy range. The minimum 
values were reported for EA100 sample. At 15 MeV photon energy, TVL 
(E) values were reported as 9.6675 cm, 9.5654 cm, 9.5121 cm, 9.2582 
cm and 9.2233 cm for EA0, EA25, EA50, EA75 and EA100, respectively. 
While the Au amount in the glass samples increased from 0 to 0.019458 



























































































Fig. 9. (continued). 
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wt%, TVL(E) values decreased from 9.6675 cm to 9.2582 cm. The 
quantitative difference was reported as 0.4093 cm. The term of mean 
free path (often referred as mfp(E)) is also a parameter in gamma- 
protection competencies of candidate shielding materials. The glass 
samples were evaluated in terms of mean free path values, and the 
findings are presented in Fig. 5. The reported behaviors of mfp(E) values 
usually vary similar to the changing trend of HVL(E). The lower average 
mfp(E) values for the EA100 glass were also reported in summary. The 
term of effective atomic number (Zeff) for evaluating the appropriateness 
of the substance for gamma applications is associated with the appro-
priate partial photon mitigation step. Fig. 6 depicts variation of effective 
atomic number Zeff (E) against photon energy for all glasses. The 
maximum effective atomic number values such as 66.0604, 66.1928, 
66.3285, 66.4567, 66.5838 were reported at 0.03 MeV photon energy 
for EA0, EA25, EA50, EA75 and EA100 samples, respectively. This is an 
evidence that partial photon mitigation of increasing high atomic 
number additives such as Au increased the effective Z number of EA100 
sample, where the direct contribution of Au2O3 reinforcement was 
obvious. The term of effective electron number (Neff) for gamma ray 
shielding applications can be considered as another important feature of 
composite materials for partial photon mitigation step. The relationship 
between the atomic number and electron number is directly related with 
effective electron numbers of materials against incoming photons. Fig. 7 
shows changes in effective electron numbers Neff(E) against photon 
energy for all glasses. In parallel to situation effective atomic number, 
the highest effective electron number values were also reported for 
EA100 sample, which has the highest Au amount in its structure. The 
term of effective atomic weight (Aeff) of a substance varies from product 
to product. This idea emphasizes the atomic weight interaction process 
and what occurs in terms of absorption process [45]. Likely similar to 
Zeff and Neff, a single value Aeff of a complex material’s atomic weight 
may represent a sum may be viewed as a possible explanation for 
effective density. This activity inspired us to comprehend the radiative 
interaction, which enhanced our ability to appreciate the atomic weight 
mechanism. A total can be found by looking at the number of nucleons, 
which has to collide with particles in the nucleus. In this study, Aeff 
values of studied glasses were also reported using Py-MLBUF software. 
Fig. 8 shows the variation of Aeff (E) against photon energy for all 
glasses. The results showed that there is an increment in Aeff (E) values 
with increasing Au2O3 additive in glass compositions. The Aeff (E) values 
were reported as 52.6576 g/mole, 52.8023 g/mole, 52.9717 g/ 
mole,53.1175 g/mole, 53.2707 g/mole for EA0, EA25, EA50, EA75 and 
EA100 samples, respectively. As it can be seen from the quantities, there 
was no sharp differences between the EA0 and EA100. This can be 
explained with the slight increments in Au2O3 additive, which has also 
slightly affected the effective atomic weight for absorption from EA0 to 
EA. Fig. 9 (a-e) shows the variation of exposure buildup factor EBF(E) as 
a function the energy (up to 15 MeV) at various depths (up to 40 mfp) for 
EA0, EA25, EA50, EA75 and EA100 samples, respectively. The lowest 
EBF(E) was at the low and high photon energy levels. In comparison, the 
highest EBF(E) was at the medium photon energy. This kind of action is 
the product of the absorption processes (e.g. photoelectric at low energy 
region and pair production and high one). However, the higher levels of 
energy above the Compton range play a critical role in rising the EBF(E). 
Furthermore, it is clear that the highest values of EBF were observed for 
the EA100, and the lowest values EBF(E) were observed for EA0. Fig. 10 
(a-e) illustrates the variation of energy absorption buildup factor EABF 
(E) as a function the energy (up to 15 MeV) at various depths (up to 40 
mfp) for EA0, EA25, EA50, EA75 and EA100 samples, respectively. The 
behavior of EABF(E) values seem similar to those of EBF(E). However, 
the EABF(E) values are bigger than those of EBF(E) especially at the low 
and high energy regions due to the dominant of the absorption processes 
(e.g. photoelectric at low energy region and pair production and high 
one). The actions of EABF(E) and EBF(E) are identical. However, the 
EABF(E) values are greater at lower and higher energies, owing to the 
dominant processes at these energy levels (e.g. photoelectric at low 
energy region and pair production and high one). 
















































Fig. 9. (continued). 
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Fig. 10. (a-e) Variation of energy absorption buildup factor (EABF) against Photon energy for all glasses.  
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Conclusion 
The current research article reported on the radiation shielding 
competence of a newly developed PbO-B2O3-SeO2-Er2O3:Au2O3 glass 
ceramic. The studied ceramic specimens were denoted by EA0, EA25, 
EA50, EA75 and EA100, and their density values were 5.87, 5.92, 5.94, 
6.09, and 6.10 g/cm3, respectively. The radiation shielding competence 
and photon buildup factors of the present ceramics were investigated 
under the Au2O3/SeO2 substitution with ratio up to 0.1 mol%. We found 
that the MAC values were reported with 0.233 cm2/g difference between 
the minimum and the maximum Au2O3 reinforced samples. The highest 
MAC values were reported for EA100 sample, which has the highest 
Au2O3 additive in its chemical structure. At 15 MeV photon energy, TVL 
values were reported as 9.6675 cm, 9.5654 cm, 9.5121 cm, 9.2582 cm 
and 9.2233 cm for EA0, EA25, EA50, EA75 and EA100, respectively. The 
maximum effective atomic number values such as 66.0604, 66.1928, 
66.3285, 66.4567, 66.5838 were reported at 0.03 MeV photon energy 
for EA0, EA25, EA50, EA75 and EA100 samples, respectively. Further-
more, there is an increment in Aeff values with increasing Au2O3 additive 
in glass compositions. The Aeff values were reported as 52.6576 g/mole, 
52.8023 g/mole, 52.9717 g/mole, 53.1175 g/mole, 53.2707 g/mole for 
EA0, EA25, EA50, EA75 and EA100 samples, respectively. Moreover, the 
highest values of EBF were observed for the EA100, and the lowest 
values of EBF were observed for EA0. Therefore, it can be concluded that 
the present ceramics possess high level shielding competence to use for 
various applications of gamma radiation. 
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